Obesity is global challenge for healthy populations. It has given rise to a wide range of public health interventions, focusing on supportive environments and lifestyle change, including diet, physical activity and behavioural change initiatives. Their impact is variable. However, more evidence is slowly becoming available and is being used to develop new interventions.
and 28% females will be obese and it is estimated that, by 2050, over half of the adult population could be obese (McPherson, Marsh & Brown, 2007) .
So what can be done to reverse this health damaging trend? What are the most cost effective interventions? The UK GBD team raise three complicating issues. First, there are interactions within their clusters of risk factors. According to the WHO review of evidence (WHO, 2000) high BMI is correlated with high blood pressure and higher levels of cholesterol, both of which the GBD team identify as separate components of a physiological cluster. An intervention specifically designed to reduce BMI will probably also reduce these other risk factors. Second, there are interactions between clusters. The GBD team distinguish this physiological cluster from the behavioural cluster of dietary risk factors and physical inactivity, which in combination significantly determine BMI. Third, the GBD team acknowledge that though their focus is on these proximal and behavioural risks, wider social determinants have an important protective and promoting effect. This raises the critical question of how they are connected.
In our empirical study of four European cities (Whitfield et al, 2012) , we adapted a model developed by De Leeuw (Leeuw (2009 (Leeuw ( , 2012 which seeks to explicate the causal relationship between these proximal and distal determinants. Our focus was interventions by municipalities in six distal domains, which influence (1) living and working city environments, and then, sequentially (2) Based on a project in the United Kingdom, this article outlines an idea for a systematic approach to examine the complex web of initiatives at policy, environmental, population, group and individual levels aiming to promote healthy lifestyles, diet and physical activity levels or to reduce obesity through medical treatments. It classifies different types of interventions into groupings which will enable them to be assessed against the scientific evidence of clinical and/or cost effectiveness. Finally it seeks where possible to quantify the 
Methodology:
Before beginning our project, both the university research team and public health partners acknowledged that econometric modelling of the complex system summarised in figure 1 would not be possible with the resources available and within a realistic timescale. Some investment/outcome algorithms are relatively straightforward, for example estimating the impact on BMI of bariatric surgery. However, the three confounding issues identified by the UK GBD team apply to many other components of our city obesity model. There are complex causal pathways to BMI outcomes from distal investments to enhance supportive environments such as in green spaces and cycle ways. These only have impact if people use them. The impact will vary depending on who uses them and how they use them. Then Therefore our modest ambition is to develop a 'Lean City Framework' of investments with a potential for reducing BMI in a city population. We adopted two key features of realist synthesis (Pawson et al, 2005).
First was a healthy two way dialogue with the policy community, from the initial expert framing of the problem to their final judgment on what works. Second we 'purposively sampled' then 'plugged in' evidence (Boardman et al, 2011) to construct a cost-benefit matrix. With the limited resources available, we mapped out the types or categories of interventions and the anticipated impacts as shown in the six stage process described below: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 1 ). Because of the limited resources available for the project we were unable to carry out a systematic review of the evidence at this stage or a meta-analysis of quantitative evidence of impact. Instead we used professional judgement about the strength of the evidence and the likely levels of impact and underpinned each assumption with a detailed explanation of how this was estimated. interventions, financial support, incentives, cities, towns, local council and district. A combination of these terms and synonyms were used. All items within each section were combined with OR and then each section was combined with AND for different combinations of sections to produce the strongest result.
The initial searches produced 2289 titles and abstracts including duplicates. After reading titles and abstracts 1960 papers were excluded along with duplicates. The remaining 329 were classified into eight categories: cycle routes (n=9), lifestyle advice interventions (n=21), parks (n=39), fast food (n=30), citywide campaigns (n=55), workplace (n=68), nutrition (n=56) and planning documents (n=51). Based on titles and abstracts, each item was screened by two researchers to determine its relevance to the matrix and accepted or rejected based on the inclusion criteria. Approximately 250 articles were identified for inclusion in the matrix and the full text retrieved. These articles were then inserted into the evidence matrix (table   1) . Evidence from each cluster of papers was used to produce estimates of BMI reduction (Column 7 table 2). give an estimate of the cost or budget for the intervention and the numbers of people likely to use or become involved with it for 27 of the projects. None were able to give full baseline demographic data about the targeted population nor a measure of baseline BMI.
Results
Only two had a target number of beneficiaries when the initiative was launched. There was a growing reluctance to give information as the project developed. This appeared to be based upon concern that funding might be withdrawn if an intervention did not perform well. For this reason we agreed to present the framework with reference to anonymous 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Stage 2
The 27 interventions were allocated cells within the 'Lean City matrix' ( Table 2) . table 1 depending upon whether the initiative was primarily aimed at diet change, increased levels of physical activity or both.
Stage 3
The service managers classified the 27 interventions according to the estimated annual budget (column 3) estimated number of participants or beneficiaries (column 4) and the age group (column 5). Because of a lack of available baseline data, baseline BMI was simply based on national averages for the purpose of developing the framework at this stage.
Stage 4
In total, 37 papers were identified that reported BMI change and body weight loss. These are included in the list of references. Twelve reported body weight loss in lifestyle change at individual level category. A simple assessment was undertaken to determine the strength of evidence. Papers were checked for a clear research question, reasonable research design, and described either of the outcomes BMI or body weight change and contextual factors that contributed to the success or failure of intervention. Table 1 represents our summary of BMI and body weight change for each category. Based on strength of evidence, studies were classified as strong (indicated in green colour), mixed (indicated in yellow colour) and weak or absent. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We focused on the objective outcome of an absolute change in BMI or body weight.
Evidence was extracted from the 37 studies to estimate the likely impact of the 27 interventions on BMI ( Table 2 , column 8).
Stage 6
The results were then entered into a spreadsheet table to calculate the cost per unit of BMI reduced for each type of intervention ( Table 2, This estimate was then multiplied by the number of participants to give the estimated number of units of BMI reduction the programme might achieve. The total budget of the programme was then divided by the number of units of BMI reduction to give a cost per unit reduction.
Discussion
In this paper we have described a simple modelling matrix. Obesity is a major and growing 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There is a parallel for the 21 st Century. The aetiology behind the epidemic of non-infectious disease is complex, driven by many interacting determinants. Interventions are required at all levels. Yet there is evidence from the United Kingdom that these are uncoordinated.
They often compete for resources. For example an initiative to engage "at risk" populations in one part of the population, competes for scarce resources with cardiac risk check programmes in another and a health trainer program in yet another part. Only common assessment and realignment will maximise their collective impact. Table 2 in this paper is designed to help decision makers consider the range of initiatives already available in their area and the extent to which they link with current evidence of effectiveness. If the initiative is in a green square in table 1 the imperative to evaluate might be less than if it is in a red square. Collecting simple data on how much is currently being invested in different levels of initiative and how many people are potentially affected can provide a simple way to calculate the order of cost per unit of BMI reduced compared to alternative approaches. A more balanced portfolio of approaches might then be achieved.
The actual costs of reducing a unit of BMI shown in table 2 are provisional, based upon preliminary reports of the cost of initiatives and the numbers of people affected. The 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The authors rightly acknowledge that the economic modelling associated with determining the health benefits of obesity interventions is complex. However, there are several groups around the world who have done this exercise in a more rigorous and comprehensive manner.
Agreed as we have acknowledged that economic modelling could be done with sufficient resources and realistic timescale as these were major limitations of this project. This matrix allows municipalities or local authorities to classify their current portfolio if interventions into different areas quickly and cheaply. They can then require providers to provide basic information of the cost of the interventions and the number of beneficiaries and get a feel for the balance of the portfolio and the potential performance of project delivery. 6
Stage 1 -is confined to interventions currently running in two communities. There is no provision for inclusion of other interventions not currently being provided to be included.
The project provided a framework for current interventions to be placed into a matrix. Other users can insert their own portfolio of provision using the same tool. The broad impact of different interventions can then be applied to similar types of interventions until such time as actual data becomes available. 7
Stage 1 -the annual cost of the intervention is not defined, but probably refers to the financial cost (costs as in a finance balance sheet). To do this exercise properly, economic costs need to be used rather than financial costs (costs of all resources regardless of whether they are traded in the marketplace).
Agreed. As stated earlier the idea is to provide a simple cheap method for funders to carry out such an assessment to identify the mix of their portfolios and the estimated impact on BMI. The cost is simply the cost to the funder at this stage. Most funders cannot afford to carry out sophisticated studies of total cost for such investment decisions.
8 Stage 2 -refers to numbers of people targeted by an intervention, which may be quite different to the numbers likely to be impacted (as mentioned in Stage 1). In the This is adjusted. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This is fair comment. At present these investments are made, often independently of each other and often with no clear expectation of impact. The framework is a first step in bringing together the decision making process to allow a more systematic and comprehensive view of the problem. The areas involved had significant difficulty identifying the services they provided let alone what they cost and how they performed. If a funder got to the stage where they had an understanding of the current investment and the levels of activity this would be an obvious next iteration of the methodology 11
Literature search -the 8 categories used to classify the identified papers do not seem to cover all of the parameters mentioned in Figure 1 .
Due to limited resources available for the project we were unable to carry out a systematic review of the evidence at this stage or a meta-analysis of quantitative evidence of impact. Instead we used 'berry picking search approach' to cover all parameters. 12 Last line of methods -it is very crude to combine evidence from each cluster of papers to produce estimates of BMI reduction. Effect sizes will vary dramatically depending on the type and specific characteristics of individual workplace interventions, or nutrition interventions.
Agreed. The intention was to give an indicative assessment of likely impact that could be used as a default assumption until such time that more accurate data from reviews or evaluations of actual projects.
Results

13
Stage 4 -not clear how the 37 papers relate to the 329 papers initially identified.
The initial searches produced 2289 titles and abstracts including duplicates. After reading titles and abstracts 1960 papers were excluded along with duplicates. The remaining 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The authors themselves acknowledge the crudity of both the intervention costing and the estimates of benefitting participants. Given that the BMI estimates are also very crude, it is highly unlikely that the matrix can reliably rank the intervention types in terms of return on investment.
The intention is not to rank the return on investment at this stage but rather to indicate the likely impact on BMI of different categories of intervention. The impact on relative return on investment will be a product of the estimated reduction in BMI, the cost of the specific intervention locally and the number of people engaged in the service. Engaging more people or reducing cost will positively affect the estimated return on investment.
Again the broad estimates in the framework can be replaced by actual data over time 16 I don't think any respected obesity experts have argued for confining interventions to one category or one part of the spectrum (shown in Fig  1) . Generally the arguments have been that obesity needs to be tackled at many levels, across all sectors of society (health and nonhealth), at both proximate and distal levels, and at both a population level and an individual level (across all target groups).
Agreed. The framework does not argue for restricting interventions to single categories. On the contrary it encourages the identification of gaps in the portfolio across a population.
17
Last paragraph -research such as the ACE (Assessing Cost-Effectiveness) studies in Australia have done such priority setting exercises in a rigorous way and incorporated extensive probabilistic uncertainty analysis.
Agreed.
18
The conclusion is very thin, and is highly questionable as to whether the tool produced does equip decision-makers to do effective priority setting.
The tool equips decision makers to make more informed decisions than at the current time. The replacement of estimated impact and assumptions with real data will allow incremental improvement over time. Table 2  19 Are all the monetary values been inputted for the same reference year -otherwise they are not comparable.
Yes. The cost data is based upon current budgets.
20
Column 8 -what are the units? They don't make sense as mean BMI reductions.
True -They are the estimated aggregated BMI loss for the people using the service. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The paper is very interesting, well developed and easily understood. It may serve as a helpful tool for planners and decision makers in prioritising health promotion activities in local communities. It is suggested that the authors in their discussion discuss the problem in using average and aggregate outcome measures (change in mean BMI for the whole target population). The calculation will tempt the reader to believe that the interventions reaches all in the target group, or are being accepted by all, or do have an impact on all. And will tend to conceal that some will even be damaged by the intervention (social stigma when being classified as obese, incurring of extra costs among low income citizens if tobacco prices are increased etc). Parallel to the calculation of average impacts, measures needed to be developed and implemented for health promotion similar to NNT (Numbers needed to treat) or NNH (numbers needed to harm) or new Thanks for valuable comments. We have tried to respond to all your comments in the main text. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w and innovative measures like "numbers needed to invite", "numbers needed to stimatize" "numbers needed to charge excess tobacco prizes") -or similar to that, so the Cost-benefit/effectiveness considerations/calculations become more realistic. And takes into account both that not all in the target group will benefit from the intervention, and that even some will have negative impacts. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
